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ExPERmEmAL CoNvmTm BEAT TRfummR TO A 4-INCH

AND6-lNCHEmIsPHEREAT MACHmMBERs IRutl

1.62 TO 3.04

By L80 T. Chauvinand JosephP. hfdO~y

suMM#RY

Eqerimental imest&atlon of mpersonlc aerodynamicheat transfer
has been conductedon hemispheres.The msmnerh which heat-transfer

coeff~cient varies along a sphericalsurfacehas been determinedfor a
M nmber rangefrom 1.62 to 3.04. The variationof e~ilibrim tem-
peraturesalongthe surfacewas also dekrmlned. Althoughheat-transfer
coefficientsand equilibriumtemperatureswere foundto be independeti
of Mach nmiberoverthe rangetested,heat-transfercoefficientswere
foundto vary 14 percentfor a changein the ratioof surfacetemperature
to adlabatlcwall temperaturefrcunO.~ to O.%. Transitionfrcm a lami-
nar to a turbulentboundarylayerwas obtainedat a WyZIOldS nmiber (based
on lengthalongthe surfacefrcm the stagnationpoint)of approximateely
1 x 106, correspondingto a regionon the body locatedbetweenthe 45°
and 6Q0stations. _ison of the heat transferat the stagnation
pointwith theoryIs presentedand showsgood agreement.

INTRODU@ION

From the Standpointof minimumdrag,high flnenessratio and nearly
pointednosesare desirablein the designof supersonicmissilesand air-
planes. However,It Is necessaryfor sane supersonicvehiclesto have
hemisphericalnosesto house @dance eqtipmeti. The use of this nose
shapemay resultIn severedragpenaltiesand high skintemperatures.
Reference1 presentsthe resultsof a previous-stigat ion on aerody-
nsmtcheat transferto a hemisphereat M = 2.8. However,the mdel used
was influencedby largemagnitudeof heat conduction.The National
AdvisoryCcmmitteefor Aeronauticshas made tests in the preflight~et of
the IangleyPilot&ss AircraftResearchStationat WallopsIsland,Va. to
determinethe pressuredrag,pressuredistribution,and aerodynamicheating
of hemisphericalnoses. The pressuredistributionend pressuredrag for a
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hemisphericalnose at M = 2.05,2.54,md 3.”04
reference2. The test resultspresented.he.refn
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have been reportedin “ -- ~“-~
are for.theaerodynmlc

heatingon a hemisphericalnose 4 inchesin dismeterat Mach nmbers of
1.62 to 3.@+andfor a Reynoldsmmber of approximately“4.5x 106 based
on nose dlsmeter. Additionaltestswere made at M = li99 on a hemi.
sphericalnose 6 inchesin dismeter. Reynoldsnum?xSrfor this test was
approximately6.4 x 106,and testsweremade“fortwo d~fereti degrees ‘
of surfacesmoothness.TheseReynoldsnunibersfor both modelswere based “-
on propertiesof the alr In the undisturbedfree stream

SYMBOLS ..—

.
M

v

h

%

Te

TB

Taw

T

c

d

t

z

P

v

%

k

Mach number

velocity,ft/sec

localheat-transfer

\

coefficient,Btti/(see)(sqft)(0.F)

skintemperature,%
—

equilibriumskintapemture, %

streamstagnationtemperature,OR

adiabaticwall temperature,%

Ski?l thickness,ft

specificheat of skin,Btu/lb%
—. .-

lEllSSdensity

time, sec

lengthdO~

model,f%

of wall, lb/cuft - ‘- .“ —

.. --

the surfacefrm the stagnatIon p6inton the . ...

densttyof air, slugs/cuft

absolute”viscosityof air, lb-sec/sqft

specificheat of air at constantpressure,Btu/slugQF

thermalconductivityof’air,Btu/(see)(f’t)(%’)

6“

———

:

-..

●

=
b

--

.

-.,

:

.-. :

.

e



NACA RM L531X8a

Nu Nusseltnumber, hi/k

Pr Prandtlnmiber, c#k

R Reynoldsnumber, pVZ/IL

%

AH?ARATUS,MOD_, AIVDTESl?S

The 4-nlchModel

T& preflightjet test facilityIs a blowdown-typetunnel,SUPPWIW
air from storagespheresto an 8-inchauxiliaryJet - a 12-inchmain
Jet. The 4-inchmodelwas testedin the 8-Inchauxiliaryjet which

9 utilizedinterchangeablenozzlesto obtaindifferentMach nuuibers.Refer-
ence 2 showedthat the flow propertiesalongthe hemispherewas nut influ-
encedby the relativelylargeratioof model diameterto jet diameter.

s Elaborationon the detailsof the preflightjet test facillty can be
securedfrom reference3.

8teadYf’lwmnd~t~o~ =S obta~ed am~~teq 5 to 8 SeCOnds
after initialopeningof the ~et exhaustvalve. In orderto preventthe
mdel frombeing sub3etiedto any Jet startingtramietis, the model was
tnsertedintothe air streamafter steadyflow was established.~ertlng
the modelwas accomplishedby mountingthe model supporton a pivoted
strutwhichwas swungWto the flowby a quick-operatinghydraulicsye-
tem. Priorto eachtest the modelwas clearof the air streamand then
was Injectedintotest position in O.5 second. A positionindfcator
recordedthe model locationas It roved intothe flow. All the test
resultsare for the mdel dined with the centerline of the jet. A
photographof the model and strutin the test positionis shownin
figure1.

The 4-inch-diametermdel was a hemisphericalnose,made of K+monel,
O.037-inchthick,and havinga smoothand highlypolishedsurface.

Eightno. 36 iron-constantanthermocoupleswere fusedto the inner
surfaceof the hemisphericalnose. Stagnationtemperatureswere meas-
ured aheadof the nozzlethroatand at the mcdel support.

All measur=Ents were recordedon recordinggalvanometers, syncbro-
. nlzedby means of a timerhevlnga frequencyof 10 cyclesper second.

The instrmmrts were accurateto 1 percenbof their full-scaledeflections
whichcorrespondsto *5°F.

9
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The

and 3.04

Reynoldsnumberfor the testMach r+mibersof,+.62,2.05,2.54,

were 3.80x 106,4.54x 106,4.86x 106, and 3.93x 106,
respectively,based on b&y dbmeter-andfl’ee-st;eemco=tione. - The
smallchangein ReynoldsnuniberwithMach nuziberwas due to the varia-
tion in staticpressureand tqrature. ~ testsat M = 1.62 and 2.05
were for approximatelysea-levelconditIons,whereasthe testsat
M - 2.54 and 3.Ob werefor a staticpressurecomespondingto an d.ti-
tude of approximately13,000smd 28,000feet,respectively.Testingat
steadyflow conditionswas mintained uutilseveralsecondsafter equi-
libriumconditionshad been established.The air supplywas sufficient
to enabletestingat the desiredflow condltionsfor approximately _
55 seconds.

The 6-InchModel

The 6-imh-diemetermodelwas testedin the 12-inchmin jet of the
preflighttest facility. The testswere made in a two-dimensionalnozzle.
A photographof the modelmountedin the ~+ is shownh figure2.

The modelwas made of O.057-inch-thickK-monel. Twb testswere con-
ductedon thismodel,the firstwith a smoothand highlypolishedsurface
sad the secondwith a roughenedsurface.
spondedto a lightsaudbkst.

The roughenedsurfacecorre-

Nlne Iron-constantanthermocoupleswere-““Installedon the innersur-
face of the model. Thermocouplelocationsfor bath hemispherescan be
obtainedfrom figure3. The modelwas mountedon a fixedsupportand
unlikethe h-inchmodelwas sub~ectedto heatingduringthe startingof
the Jet. The stagnatIon t-rature measuredh the heat exchmger,
totalpressure,and skintemperaturemeas~nts were recordedon
recorUng galvanometers.

The Mach nuniberfor baththe smoothand roughenedmodelswas 1.99
and the Reynoldsnumberbased on body diameterwas 6.4 x 106 whichcorre-
spondsto sea-level conditions. Mea& flowwas maintainedfor 50 seconds,

at whichtime the skintemperatureswere esserklallyIn eqyillbrium.

RESUECSAND DISCUSSION

EquilibriumTemperatures

The measuredequilibriumtemperaturesfor the k-inchand 6-inchnoses
are shownin figure3. The valueswere obtainedat approximately50 sec-
onds afterthe startof the test when It was observedthat the skinhad
reacheda thermalequilibrium.The equilibriumskintemperaturee~ressed
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as a ratioto stagnationtempemture is plattedon a radialscalewhich
Indicatesthe locationat whichths measurements weremade. The meas-
urementsfromthe 4-inchnose showa temperatureratioof 1 corresponding
to stagnationtemperatureoccurringat the frod of the nose. The equi-
libriumtemperaturedecreasesgadmlly alongthe surfaceand at the
9° stationthe sti teq=ature is about 95 percerrtof the stagnation
temperature.

E uilibriumtemperaturesare not shownfor the stagnationpointand
the d stationon the 6-Inchnose becauseof thermocouplefailure.
Thermocouplesat the stagnationpoimt and at the 70Q stationon the rough
nose alsomalfunctioned.

IMa for the test at M = 3.& on the 4-hch nose were confinedto
the stationsfran W“ forwardbeca~e the low statIc pressuresin the
nozzlecauseda normalshockwhose influencewas feltbeyondthe 45° sta-.
tton,as showhin reference2.

Heat~ransfer Coefficierrt

The aerodynamicheat-transfercoefficientwas measuredduringthe
transientheatingof the model afterthe establislmetiof steadyalr flow
fromthe nozzle. Radiationfrcm the mdel and conductionalongthe sur-
facewere calculatedmd foundto be negligible.By neglectingthese
terms,the convectiveheat transferredto the mdel can be equatedto the
heat absorbedby the model skinper unit of time.

‘(Taw- ‘w) = TCd dTw/dt —

The heat-transfercoefficienth can then be obtainedfrcnnthis equation.

For Conditionswhereradiationand conductionare negligible,the
msasuredequilibriumskinteqerature Te is equalto the adiabaticwall
temperature Taw.

The aerodynamicheat-transfercoeffldepkswere evaluatedby this
egyatlon,takingthe mass densityof the K mmel skinas 555lb/cuft
and Its specifIc heat as 0.I.27Btu/lb/%’. The skintemperatureend its
time rate of changewere obtainedfromthe measuredtime historiesof the
skintemperature.The adiabaticwall temperatureswere computedfromthe
experimentallydeterminedtqez%ure ratio Te/Ts. A typicalskint@n-
peratureand stagnationtemperaturevariationwith tlma is shownin
fIgure4.

-..
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Measuredaerodynamicheat-transferdata are prese@’edin figure5 ~ -
as StarrtonnumberplottedagainstReynoldsnumberfor tiriousheating
conditi.ont3.The heatingcondition,expressedas a ratioof wall tem-
peratureto adlabatic walltemperature,variedfrau 0.70to O.~ during
the experimerrtalinvestigateion. The air propertiesIn the Stanton
and Reynoldsnumbersobtainedfrom reference4 are basedon conditions
just outsidethe boudary layer, and the lengthtem in Reynoldsnumber
is takenas the distancealongthe surfacefmm the stagnationpointto
the measurmeti station. Imcalconditionsoutsidethe boundarylayer
were calculatedby assumingisentropicflowbehindthe nose shockand by
tiilizlngreference2 forthe staticpressurescm the body. Heat-transfer
data are shownfor the 4-inch-and 6-inch-diemsterhemis@eres having
smoothand highlypolishedsurfacesfor Mach nmbers frcm 1.62to 3.d+, -
and for the 6-inch-diameterhemispherehatinga roughmirfaceat a Mach _ --
numberof Z.gg.

.L .—
..-

—.
-- ..—

,.

---
--

-..—

Datapointsfor the 4-inchnose are shownin figureg5(a), (b), (c),
and (d)for temperatureratios Tw/!l!awequal-toO.m, 0-~80,0.90,

sad O.*, respectively.The 6-inch-nosedatapointswe= confinedto a
#

temperatureratio of O.% only (fig.5(d))since.the dath.at lower tem-
perature ratios were obtainedduringthe periodof unsteadyflow associ-
atedwith startingthe jet.

b._. ---

Iaminarflowprevailedon the h-inchnose for Reyno3@snumbersto
approximateely I x 106, correspondingto amromt e~ the 450 station.
Beyondthe 45° station the data dispersedfromthe trend“established

.-

duringthe laminarregion;this dispersionIndicatesthe flow was under- -..
go- transitionto turbulence.Duringthis t“ransition,_alargeincrease . ,
in heat transferis effectedby smallchangesin Reyndldsnumber. ConSe-_,
quently,the equllibrlmtemperaturesfor stationsbeyond.45° in figure3
are characteristicof transitionaland turbuleittflow. Heat transferfor
U developedt~~efi flow iS sho~ fi fi-e 5(d) f~ the r~e~d.. ___ ---
6-inchhemispherehavinga temperatureratioof O.~. ‘“ .;

The heating-condition effecton the laminarheat trabsferIs demo-
nstratedby plottlngthe linesrepresentingthe faireddata from each of
the fourheatingconditionson a compositecurve (fig.5(e)). As the :
heatingcondition Tw/!Cawincreased,the Stantonmmiber,whi6hcontains -. .
the heat-transfercoeff}clemt,decreasesprqm~ionately.’ Thesefaired
curves@elded the folhmdng eqirlcal equatiou for the laminarheat
transferon a hemisphericalsurface.

()
-0.5

~ = 1.46R-0”556&

For an increasein Tw~aw from O.w to 0.96

.
__ -— :.=.

a decreaseof 14 perceti”...—
occurredin ~. “ .-

G
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Sincethe datapreserrtedin each of the heatingconditionsinvesti-
gatedcovereda rangeof Mach numibersfrcm 1.62 to 3.04,the lack of any

9 systematicscatterof the data pointsindicatedthat no Mach numbereffect
was presentin this range. This leminarheat transferwas nat une~ected,
however,as the stationsIn the lsmlnarflow regionwere also In the
regionof subsonicflowbehLndthe bow wave.

Figure6(a)presentsthe heat-tranefer datameasuredat the stag-
nationpolrrton the 4-inchhemisphericalnose. The data are plotted
accordingto a theorypresentedIn reference5 whichcorrelatesthe
stagnation-pointheat transferas Nu Pr-0”4s 1.32Ro=5mThe flow con-
ditionsare based on the air prapertlesjustbehindthe centerof the
bow wave,and the lengbhparameteris the diameterof the body. The dis-
crepancybetweentheoryand experimentis partiallydue to the factthat
heating effectis nat accountedfor in the equation,whereasthe data
showa trend withheatingcondition. The experimentaldata are for a
rangeof heating Tw~aw from 0.7 to 0.9. Figure6(b)givesthe Com-

parisonbetweenthe calculatedtime historiesof skintemperatureusing
& the theoryof reference5 for the heat+transfercoefficierrtand the meas-

ured skint~emture to M = 2.05. The maximumdeviationof the theo-
reticalskintemperaturefmm the measuredskintenmeraturewas amroxi-.
nmtely20°F. S-~ agreementwas obtained
investigated.

CoNmmm?G RIMARm

for &her Mach numb~=s

Equilibriumskint~eratures and comectlve heat transferhave been
measuredon a 4-inch-and6-inch-d*er hemiepheric~nose. ~ _ ‘“
nuuiberfor the 4-inchnose rangedfrm 1.62to 3.04for a Reynoldsnumber
based on body diameterof approximately4.5 x 106. The 6-Inchnose was
testedat M = 1.9 at a Reynoldspmiberbased on body diameterof
6.4 x 106 and for two surfaceconditions.

The measuredequilibriumskintqrature for thesetests was equal
to the stagnationtemperatureat the 00 statton (stagnationpoint)and
decreasedgradually alongthe surfaceto 95 ,~cerrtof the stagnatton
temperatureat the ~ station.

Transitionfrcm a leminarto a turbulentboundarylayeroccurredon
the hemisphereat a Reynoldsnumberof about1 X 106 correspondingto a
regionbetweenthe 45° and 60° station.

. The heat-transferdata indicatedthe influenceof the heatingcon-
dltlonexpressedas the ratioof the wall temperatureto the adlabatic
m tempemture Tw@aw from O.?0to 0.96. An increasein heattransfer

w
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-S notedat the onsetof
turbulentvaluesmeasured

transition on the *h nose,
on a roughenednose.

NACA RM L531Q8a

approachingthe
—

Heat transferwas measuredat the stagnationpointwhichwhen ccm-
paredwiththeoryyieldedgood a@eemerrb.- - “

IangleyAeronatiicaJLaboratory,
NationalAdtisoryCmmittee for Aeronautics,

LangleyField,Va., I?ovaiber@+, 1953. -

a.
—
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Figurel.- Photo~aph of 4-inch-diameterhemisphericalnose
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Figure 2.- Photographof the 6-inch-diemet~””htisph~~tinosemounted

in the main jet.
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symbol Nom

4 fn

4
4
4
6
6

Mach
wm&r

L62

2.05
2.54
3.04
/.99
/.99

820 “R
997
/0/2
980
986
S67

Suftie
coti/A@n

Smooth

IL

A/ose

Loo ‘m G
.&o K

T!r

Figure3.-Equilibrtumskistemperaturefor the 4- and 6-inch.dismeter
hemisphericalnose.
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Figure5.. Continued.
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.

Reynolds number

(c) > = o.~.
aw

Figure 5.- Continued.
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Symbol

o

❑

o
A
h
b

4/4
4
4

4
6
6
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A40ch $lAace

L&z Smooth
205
2.5+

3.04 I

L99 Rwghmd
/.99 srnOu+h

/0-2

$
E
:

$ LQn91nar- +

g

/0-3 ‘

IA-4

.

‘w /?.4 /~5 ,06 - ./0? - :

Reynolds number

(d) > = 0.96.
aw

— —.

---

Figure5.- Continued.
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(e) =

*

CM =/.46 R -0.556 (~W/~w) -a 5

—
/05 /06 /07

Reynolds number

of the fairedleminarheat-transfer
on hemisphericalsurfaces.

Figure5.- Concluded.
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(a) Heat transfer.
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Figure6.- CmqKU?iEonof
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Time history. M = 2.05. -

measuredand theoreticalheat transferat the “”- ‘“*-
stagnationpoint.
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